Background: The increased vascular permeability seen post burn contribute to morbidity and
Introduction
Extensive thermal injuries result in a massive inflammatory response that has both local and systemic effects which, if not alleviated, may lead to shock [1] [2] . Histamine is one of the classic mediators of inflammation. Mast cells that, together with basophils, store most of the histamine in humans are present in loose connective tissue, particularly around blood vessels.
They are abundant in skin, and the dermis contains 3000-12 000 mast cells/ mm 3 [3] .
Different stimuli, like anaphylatoxins, several interleukins, physical stimuli such as heat and cold, free radicals, and others, can induce stimulation of mast cells which leads to degranulation and histamine release [3] [4] [5] .
Histamine is thought to be an important mediator of vascular dysfunction in burn wounds, particularly in the early phase [1, 6] . Previous data have relied mostly on animal studies [5, 7] , and we know of few consistent newer data in humans [8] [9] [10] . Results from animal experiments may not apply to humans for different reasons, particularly the interspecies and intraspecies heterogeneity of different subpopulations of mast cells [11] . Locally-released histamine was investigated in pigs by Papp et al [12] , who found increased concentrations locally in burned tissue with microdialysis. Systemic plasma histamine concentrations were moderately increased early, but then returned to the reference range.
In this study we aimed to detect an initial acute release of histamine in humans during the first 48 hours after a minor to moderate burn. The underlying hypothesis was that an increased turnover of histamine during this period will indicate that histamine is an important mediator for the increase in vascular permeability that elicits the formation of edema seen after a burn.
As circulating histamine in plasma is rapidly degraded and excreted in the urine, the most reliable way to assess histamine turnover in the body quantitatively is to look at urinary concentrations of histamine and its metabolites [13] .
Materials and Methods
The study was conducted in a national burn unit, located at a tertiary referral university hospital in Linköping, Sweden. Eight consecutive patients admitted with a total burn surface area (TBSA %) of more than 10% were included. The unit serves a population of 5 million in the south of Sweden. The treatment regimens in the unit include resuscitation according to the Parkland formula and early excision and grafting. Ventilatory assistance, nutritional support, and pain control are given according to a protocol described elsewhere [14] . The regional ethics review board were consulted and agreed that the study could be conducted without an informed consent since the study material was urine samples.
The urinary excretion of histamine and methylhistamine in healthy controls were measured in 24-hour urine samples. To compare their excretion levels with those of the patients, controls
were divided by 4 to obtain the excretion/6 hours. This is not entirely correct as histamine excretion (and probably that of methylhistamine) is not constant during the 24 hours of the day (it is lower at night), but the potential error introduced by this procedure is small.
Collection of urine
On admission, the patient had a catheter inserted and the bladder emptied ("preadmission" urine). The amounts of histamine and methylhistamine in preadmission urine are not directly comparable with those measured in the burn unit or those from the controls, as the sampling time (when the patient's bladder was last emptied before a catheter was inserted) was not known. Therefore the amounts of histamine and methylhistamine in these samples were corrected for the creatinine excretion.
The urine produced in the ward was collected every 6 hours for 48 consecutive hours. After collection it was immediately acidified and the volume measured. An aliquot was kept and frozen. The urine samples were analyzed by reversed phase ion-pair high performance liquid chromatography (HPLC) [15] [16] at the department of Clinical Physiology, Linköping
University Hospital. The amounts excreted were compared with results obtained from a healthy control group (n=20) [17] . The urinary excretion of creatinine was also measured in each patient sample. Histamine and methylhistamine were then corrected for creatinine excretion (expressed as µmol /mol creatinine).
Data analysis and statistics
Data are presented as mean and 95% confidence interval (CI). Differences between controls and the first urinary fraction were assessed by the Mann-Whitney U test. Changes in histamine and methylhistamine excretion over time were examined by the Friedman test. To aid with statistical analysis we used Statistica 10 (StatSoft). (Table I) The median total burn surface area (TBSA %) was 24% (range 11%-37%) with no mortality (Table I ).
Results

Details of patients
The urinary excretion of histamine/6 hours is shown in Figure 1 . There was a significant difference between controls and the first urinary fraction (0-6 hours) of patients (p=0.0021) The urinary excretion/6 hours of methylhistamine is shown in Figure 2 . There was no difference between controls and the patients first urinary fraction (0-6 hours) (p=0.98). There were no significant changes over time in the excretion of either histamine or methylhistamine. There were, however, variations in transport time to the burn unit (Table 1) .
To allow for this we assigned the first urine sample from case 1 to be 12-18 hours after the burn and the first sample from cases 3 and 7 to be 6-12 hours after the burn instead of 0-6 hours before we applied the Friedman test.
In case1, who had the highest excretion of both histamine and methylhistamine, the excretion of methylimidazoleacetic acid (the main metabolite of histamine) was also measured, and was found to be within the normal range (data not shown).
Histamine and methylhistamine excretion corrected for creatinine excretion
The histamine and methylhistamine excretions corrected for creatinine excretion are shown in Figures 3 and 4 , respectively. We found no significant changes during the time period studied.
The excretion of histamine and methylhistamine in the preadmission urine did not differ from that in the following fractions when they were corrected for creatinine excretion. 
Discussion
Interest in the role of histamine in burns has a long history. In 1936, Barsoum and Gaddum reported high and rising concentrations of histamine in blood for days after a major burn [10] .
Since then, it has been thought to have an important role in the pathophysiology of burns, particularly in the early phase of edema after a burn [1] . We know now that concentrations of histamine in blood are in the range of 100 times greater than those in plasma, and are related to the number of basophils. If histamine is supposed to cause systemic effects one would expect an increase in plasma levels of histamine early after the burn. In Animal experimental models it has been shown that histamine is released into plasma after a burn [7, 18] , so it is reasonable to hypothesize that it may also be released from human burned skin and may play a part in systemic, burn-induced, vascular dysfunction. Clinically, immediate plasmasampling in relation to the injury is not available, and urine analyses are the only tests we have. However, histamine is rapidly cleared from plasma and excreted by the kidneys, and the urinary output will be a sensitive indicator of histamine release [13] . In 1957, Birke et al reported high urinary excretions of histamine in humans [9] , whereas Agrup et al failed to confirm an increase in histamine turnover as measured by urinary excretion of its metabolites [8] . Results from giving antihistamines systemically after a burn are also contradictory. While the H 2 -antagonist cimetidine reduced edema after a burn in animals [18] [19] [20] , another H 2 -antagonist (ranitidine) did not [21] .
Conclusive evidence for an appreciable release of histamine from human skin after a burn is therefore scarce at best. We evaluated histamine release for 48 hours in 8 burned patients by measuring the excretion of histamine and histamine metabolites (methylhistamine, and in one case methylimidazoleacetic acid) in the urine. As Agrup et al [8] measured excretion only in 24-hour periods, we thought that a possible early and short-lasting release of histamine could have been missed, and so we decided to collect urine every 6 hours, as well as the preadmission urine. The kidneys effectively remove histamine from plasma, the renal extraction ratio being roughly 80% [13, 22] , and most tissues (including the kidneys) have a good capacity to metabolize histamine so that only a small amount of circulating free histamine is excreted unchanged in the urine [13, 17, [23] [24] . To be able to evaluate the histamine turnover rate fully, therefore, it is crucial to measure concentrations of histamine metabolites as well as those of histamine. We found a slight increase in histamine excretion during the first 48 hours after admission, but values for histamine metabolites were within the normal ranges -that is, in agreement with the results of Agrup et al [8] . A solitary increase in histamine excretion in the urine may reflect increased histamine production by the kidney itself rather than a systemic release. Some studies have suggested that the main source of urinary histamine may be de novo synthesis in the kidney [25] , and this might be of greater importance if the histamine precursor histidine is present in larger concentrations.
Aminoaciduria roughly proportional to the severity of the burn has been reported in burned patients [26] [27] . Consequently, as histamine may be produced by the kidney, detecting an increase in histamine excretion only would not prove that there was also an increase in plasma. A parallel increase in histamine and methylhistamine would be a much stronger indication of a systemic release [28] .
Burn care involves an early massive resuscitation, often according to the Parkland formula.
This in combination with the increase in vascular permeability results in an early increase in total body water. The kidneys will strive to restore normal fluid balance and an increased urine production is seen from 24-(48) hours after the burn and further. This alteration may affect the dynamics of excreted histamine and metylhistamine and are compensated for by looking instead at the excretion in relation to creatinine. When we did this creatininecorrection we could still not see alterations in excretion during the study.
The systemic change in vascular permeability sets in early after a burn, and is maintained during the first 24-48 hours [29] . We therefore suspected that a mediator of systemicallyincreased permeability would be detected early, and within 48 hours it would also decrease to the normal range or close to it. This was not the case in the present study for histamine and methylhistamine, and we think that the role of histamine as a mediator of systemic increased vascular permeability has been somewhat exaggerated by previous publications.
Although our study is hampered by the small number of patients (n=8) and the fact that most burns were minor to moderate (mean TBSA % 24), we believe that further studies are needed to determine if histamine, as stated by relevant literature, really is an important mediator of vascular permeability increase after burns. This study did not look at the possible local effect of histamine in burned skin.
In conclusion we have shown a slight increase in urinary histamine excretion 0-48 hours after a moderate to major burn, which is not paralleled by an increase in the excretion of histamine metabolites. In contrast to our hypothesis, our findings do not support that histamine is an important mediator of systemic vascular dysfunction after burns.
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